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^ CUSTOM-RTTING ARTICLES 

3 BACKGROUND OF ^HE INVENTION 

4 This application is a continuation-in-part of 

5 application Serial No. 08/002,281, filed January 8, 1993, 

6 which is a continuation-in-part of application Serial No. 

7 07/972,237, filed Noveiober 5, 1992, now abandoned. 

8 This invention relates in general to custom-fitting 

9 articles and compositions useful in making same and in 

10 particular to custom-fitting articles which conform to the 

11 shape of a body part of a mammal, particularly a person. 

12 Description of Related Art 

13 Many articles which are intended to conforin to the 

14 shape of a body part of a mammal, such as a person, for 

15 example, certain footbeds for footwear, hand grips, 

16 protective pads and padding, and medical and veterinary 

17 appliances, are not custom-fitted. It has long been recog- 

18 nized that it is advantageous to custom fit articles of 

19 these types to the particular conformation and shape of the 

20 body so that the article is more comfortable to wear and 

21 the weight and pressure is distributed more evenly. 

22 With regard to custom-fitting footwear, there have 

23 been a number of approaches. In one approach, a chemical 

24 reaction is initiated in a formable material in a footbed, 

25 the person then steps into the footwear or shoe and forms 

26 ah impression and the material is allowed to cure before 

27 the footbed is used. See U.S. patents 4,520,581; 

28 4,128,951; 2,838,776; and 4,888,225. U.S. patent 3,968,577 

29 illustrates a system in which an impression of the foot is 

30 made, and the material is cured or set either pursuant to 
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1 room temperature vulcanizing or by being heated in an oven 

2 for an unreasonably long period of time,. 

3 Other patents disclose a shoe or sandal having a 

4 bottom layer of a thermoplastic material. The thermoplas- 

5 tic material is heated, thus softening it. The person 

6 steps into the shoe and makes an impression. The material 

7 then cools, retaining the impression of the foot. See U.S. 

8 patents 3,641,688; 4,413,429; 4,433,494; 4,503,576; 

9 3,895,405; and 4,901,390, All the foregoing patents are 

10 incorporated herein by reference. 

11 These approaches suffer from a number of deficiencies. 

12 Once a catalyst is added, the activation may be irrevers- 

13 ible and the impression may have to be made quickly. Some 

14 catalysts may require kneading/ which is difficult with 

15 viscous material and time-consuming. Making an impression 

16 in hot thermoplastic material may be dangerous to the foot 

17 and it is hot possible for the customer to feel how the 

18 shoe will fit prior to heating. 

19 Most hand grips, such as. for bicycles, sports rackets, 

20 ski poles, etc., are not custom-fitted; they are made, so 

21 that one size fits all. Most body pads, such as knee pads, 

22 elbow pads, helmet pads, shin guards, etc; are also made so 

23 that one size fits all. Many prosthetic or orthopedic 

24 casts, splints, and braces do not have, biased against the 

25 body part, a custom-fitted flexible yet resilient member 

26 conforming to the body part to cushion and more evenly 

27 distribute the weight 1_ J, , 

28 It is an object of this invention to provide a method 

29 of producing a custom- fitting article which overcomes these 

30 deficiencies, the method being quick and effective and 

31 which the customer can perform at home and producing a 

32 member which remains flexible while resiliently retaining 

33 the impression of the body part. It is also an object to 

34 provide a member or article which the purchaser or user can 

35 test for feel and fit before the impression is set. 
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1 



SUMMARY OF THE INVENTION 



2 



A method of producing a custom-fitting article which 



3 conforms to the shape of a body part of a mammal is 

4 provided. The method includes providing a member comprised 

5 of a body of formable material, the body of formable 

6 material having a minimum setting temperature greater than 

7 130«F and being setable by heating for a period not 

8 exceeding 30 minutes and subsequent- cooling. The member 

9 is conformed by biasing the member against the body part 

10 . with sufficient pressure to conform the member to the shape 

11 of the body part. The member is then heated for a period 

12 not exceeding 30 minutes and thereafter cooled so that the 

13 formable material is set and the member remains flexible 

14 while resiliently retaining an impression of the body part. 

15 The member is utilizable by the mammal as part or all of 

16 the custom-fitting article. A member for use in connection 

17 with the method is also provided. A composition is also 

18 provided which comprises uncured silicone rubber, an 

19 effective amount of crosslinking agent ^ and effective 

20 amounts of a) fine powder ethylene copolymer or terpolymer 

21 or a mixture thereof and b) liquid plasticizer to form a 

22 gel effective to receive and retain an impression, the 

23 composition having a minimum setting temperature greater 

24 than 130°F and being formable and setable to form a 

25 flexible and resilient body. 



26 



BRIEF DESCRIPTION OF THE DRAWINGS 



28 



27 



FIG. 1 is a perspective view of footwear, specifically 
a sandal, according to the present invention. 



29 



FIG. 2 is an exploded view of the sandal of FIG. 1. 
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1 FIG. 3 is a sectional view taken along line 3 - 3 of 

2 FIG. 2. 

3 FIG. 4 is a perspective view of a removable insole in 

4 accordance with the present invention, 

5 FIG. 5 is a sectional view taken along line 5 - 5 of 

6 FIG. 4. 

7 FIG. 6 is a perspective view, with a portion cutaway 

8 in cross section, of a gel pad or member for forming a hand 

9 grip. 

10 FIG. 7 is an exploded view of the hand grip gel pad of 

11 FIG- 6 on the handle portion of a tennis racket. 

12 FIG. 8 is a perspective view, with a portion cutaway 

13 in cross section, of a shin guard according to the present 

14 invention. 

15 FIG. 9 shows the shin guard of FIG. 8 on the shin of a 

16 person. 

17 FIG. 10 is a perspective view of a pair of glasses 

18 with a nose pad and two ear pads according to the present 

19 invention in place. 

20 FIGS. 11 and 12 are perspective views of the nose jand 

21 ear pads, respectively, of FIG. .10. 

22 FIG. 13 is a perspective view, with a portion cutaway 

23 in cross section, of a bicycle seat pad according to the 

24 present invention. 



25 FIG. 14 is a perspective view of the. underside of the 

26 bicycle seat pad of FIG. 13. 
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.1 FIG. 15 is a perspective view of an ankle cast about 

2 to be positioned on an ankle. 

3 FIG. 16 Shows the ankle cast of FIG. 15 in position. 

4 DESCRIPTION OF PREFERRED EMBODIMENTS 

5 . A footbed supports the foot when footwear is worn 

6 and/or provides the bed upon which the underside of the 

'7 foot rests when footwear is worn. As used herein the term 

8 "footbed" includes a removable insole or innerliner. Thus 

9 a footbed may be a separable or integral component of 

10 footwear. Footwear includes sandals, shoes, slippers, and 

11 boots. Footwear, which also includes socks for diving 

12 suits, swimming flippers, water and snow ski boots, and 

13 skates such as ice skates and inline skates, is worn on the 

14 foot. , 

15 With reference to FIG. 1, there *is shown footwear, 

16 specifically a sandal 10 for a person's left foot. The 

17 sandal has a toe end 15, a heel end 17, an outside 19, and 

18 an inside 13 (see FIG; '2). The sandal includes a top isole 

19 18, a bottom sole 12, and a strapping mechanism or system, 

20 . preferably made of 3/4 inch tubular nylon webbing, to hold 

21 the foot. The top sole 18 has a side 14 which meets the 

22 bottom sole 12 at margin 16. The toe strap 20 has a lower 

23 lateral portion 33 which passes through D-ring 34 and, 

24 continues as upper . lateral portion 35, which is secured to 

25 lower lateral portion 33 by hook and loop fasteners, such 

26 as Velcro. Toe post 22 secures the D-ring to the sandal. 

27 Heel posts 24 and 26 secure the heel portion of the 

28 strapping mechanism to the sandal. The strap which forms 

29 heel post 26 continues as lateral, strap 38 which is secured 

30 by stitching to lower lateral portion 33 and continues as 

31 lateral strap 36 through the loop formed by h el post 24, 

32 continuing on to form heel strap 25, continuing through the 
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1 1 p formed by heel post 26 to form instep strap 30 which 

2 can be cinched down through a cinching mechanism in quick 

3 release clasp 32. Once the instep strap 30 is properly 

4 cinched down, the wearer can take the sandal on and off 

5 using quick release clasp 32. Any quick release clasp as 

6 known in the art can be used. Heel strap 25 goes around 

7 the heel of the wearer. Instep strap 28 is secured at one 

8 end to heel post 24 and at the other end to the portion of 

9 the quick release clasp opposite the cinching mechanism. 

10 Other strapping mechanisms or systems as are known in the 

11 art can be utilized in connection with the present 

12 invention. 

13 with reference to FIGS. 2 and 3, there are shown three 

14 principal elements of the sandal, including the top sole 

15 18, the bottom sole 12, and the gel layer 50 disposed 

16 therebetween. The top sole 18 and the gel layer 50 const!- 

17 tute the member which is used to produce a custom-fitting 

18 footbed. The top sole 18 and the gel layer 50 support the 

19 foot when the sandal is worn and provide a bed upon which . 

20 the underside of the foot rests when the sandal is worn. 

21 The bottom portions 44 and 46 of the straps^ 20 - 22 and 24 

22 - 26 respectively, are attached by gluing means or other 

23 methods known in the art, to the inside surface 48 of the 

24 bottom sole 12. The reinforcing strips 45 may be similarly 

25 attached to further secure bottom portions 44 and 46 to the 

26 bottom sole 12. The gel layer 50 preferably comprises a 

27 body of formable material, specifically gel material 57, 

28 encased in an envelope 59, preferably airtight, for ease of 

29 handling and to keep the gel and any fumes contained. 

30 Alternatively the gel material may be unencased. The gel 

31 layer and gel material are formable and conformable. Slits 

32 40 are cut or otherwise provided through the gel layer 50 

33 and top sole 18 to permit straps 20, 22, 24, and 26 to pass 

34 therethrough. The margins of the envelope 59 at slits 4 0 

35 are preferably sealed to contain the gel material. The top 
3 6 sole 18 has on its underside a cavity defined by top 
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1 siirf ace 52 and sides 54 . The gel layer 50 has a top 56 and 

2 sides 58. The upper portion of the gel layer nests in the 

3 cavity of the top sole 18. The bottom surface of the gel 

4 layer rests on the inside surface 48 of the bottom sole 12. 

5 The beveled surface 42 of the top sole engages the beveled 

6 surface 49 of the bottom sole when the sandal is assembled. 

7 Lateral flow of the gel layer 50 iis thus partially 

8 restrained by sides 54, assisted by downward force applied 

9 by the foot to engage beveled surface 42 with beveled 

10 surface 49. 

11 With reference to FIGS. 4 and 5, there is shown a 

12 removable insole 60 which constitutes the member used to 

13 produce a custom-fitting footbed. The insole 60 comprises 

14 a formable material / specifically a gel material 62, 

15 preferably encased in a flexible envelope or pouch 64 

16 preferably heat sealed around the perimeter such as at 66 

17 and preferably airtight to contain fumes, to protect from 

18 contamination, and to prevent the possibly sticky gel 

19 material from sticking to the person or other objects. The 

20 removable insole has the general shape of the underside or 

21 bottom of a person's foot or of the interior bottom of a 

22 shoe. 

23 The top sole is preferably a light weight sponge or 

24 elastomeric foam material, with or without a fabric coyer. 

25 Alternately, the top sole can be of a similar material to 

26 the bottom sole or a light weight fabric. The top sole is 

27 flexible and able to conform to the shape. of the gel layer. 

28 The bottom sole is preferably a blend of SBR and natural 

29 rubber, containing normal rubber additives such as Hi-Sil 

30 ABS, which acts as an impact modifier, and accelerators for 

31 vulcanization. It can be molded in cast aluminum molds at 

32 350^ for 4 to 5 minutes using techniques well known in the 

33 art. Other polymeric or other materials, including foams 

34 such as flexible foams to reduce weight,, known in the art 

35 may be utilized for the top and bottom soles. These mate- 

36 rials and all the non-gel material parts of the footwear 
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1 Should be able to tolerate the microwaving and/ or oven 

2 heating described hereinafter. The bottom sole is flexible 

3 to perxait walking. 

4 The envelopes 59 and 64 are preferably made from 

5 aromatic polyether polyurethane thermoplastic film avail- 

6 able from Deerfield Urethane, Inc., South Deerfield, Mass. 

7 Alternatively they can be made from a coextrusion with 

8 nylon or polyester on the outside to provide heat resis- 

9 tance and an olefin on the inside to allow the envelope to 

10 be heat sealed. Such coextrusions are available from Roll 

11 Print Packaging Products, Inc., Addison, 111. or Custom Co- 

12 Ex, Atlanta, Ga. The envelopes 59 and 64 should preferably 

13 be able to withstand the heating process described herein- 

14 after and should be non-crinkly, compliant, flexible and 

15 able to conform to the shape of the foot or body part as it 

16 makes an impression in the gel material. Alternatively, a 

17 piece of woven polyester, such as available from DuPont as 

18 SANDED COOLMAX, or a piece of leather can be attached to 

19 the surface of the envelope 64 that will be next to the 

20 foot or body part to provide more absorbency and to make 

21 the member or article more comfortable. Preferably, the 

22 envelopes are made from two layers (top and bottom) and are 

23 heat sealed using an RF sealing machine available from 

24 Callanan in Elk Grove, IL. This yields a feather edge as 

25 shown at 66. 

26 With reference to FIGS. 6 and 7, there is shown a hand 

27 grip gel pad or member 70 comprising a flexible envelope 74 

28 containing a body of formable material, specifically gel 

29 material 76. The gel pad 70 has end tabs 71 and 72. On 

30 the surface of the end tabs are hook and loop fasteners, 

31 such as Velcro, for securing the gel pad in frictional 

32 engagement around the handle portion 79 of the tennis 

33 racket 78. The gel pad can be affixed to the handle 

34 portion by other attachment means, such as snaps, adhesive, 

35 Velcro, stitching, or insertion into a pre-existing pocket 

36 such as a fabric pocket. Alternatively, the gel pad may be 



wo 94/09666 



PCr/US93/10741 



1 permanently integral with the handle portion^ in which case 

2 the handle portion may screw into the rest of the racket 

3 and thus be separable therefrom. 

4 With reference to FIGS. 8 and 9, there is shown a shin 

5 guard 80 comprising a hard plastic outer shell 82, a body 

6 pad or gel pad or member 84, and straps 90 having terminal 

7 Velcro portions 92. The gel pad comprises a flexible 

8 envelope 86 containing gel material 88. 

9 With reference to FIGS. 10, 11 and 12, there is shown 

10 a pair of glasses 94 having affixed thereto nose pad 96 and 

11 ear pads 98, said nose pad and ear pads being body pads. 

12 Nose pad 96 has gel pads 102 on a plastic strip 100 having 

13 pressure sensitive adhesive on the back side thereof for 

14 attachment to the glasses. Ear pad 98 has a gel pad 106 

15 attached to a plastic strip 104 having pressure sensitive 

16 adhesive on the back side thereof for attachment to the 

17 glasses. 

18 With reference to FIGS. 13 and 14, there 'is shown a 

19 member, specifically a bicycle seat pad 108, mounted on a 

20 hard bicycle seat preform 110. The seat pad comprises a 

21 flexible envelope 112 containing gel material 114 and has 

22 an elastic edge portion 116 for attachment to the preform. 

23 With reference to FIGS. 15 and 16 there is shown an 

24 ankle cast 118 comprising gel pads or members 122 affixed 

25 permanently or disattachably such as by Velcro to an 

26 exterior flexible support material 120 such as plastic or . 

27 fabric or, alternatively, a rigid plastic or other rigid 

28 support material- The two halves of the cast are joined by 

29 a hinge portion 128. Extending from the exterior support 

30 material are straps 124 terminating in portions having 

31 Velcro strips 126. The cast is thus removable. FIG. 16 

32 shows the ankle cast in position on the ankle, secured by 

33 the Velcro strips. 

34 Preferred embodiments of the gel material are as 

35 follows; 



wo 94/09666 



PCr/US93/10741 



-10- 



1 PREFERRED FORMULATIONS A. B. & C fParts bv Weight) 



2 










Preferred 


3 


Ingredient 


A 


B 


C 


Range 


4 


1. High viscosity uncuied 










5 


silicone rubber 


10.0 


0 


0 


±10% 


6 


2. Low viscosity uncured 










7 


silicone rubber 


56.67 


66.67 


66.67 


±10% 


8 


3. Modified EVA powder 


33.33 


33.33 


33.33 


±10% 


9 


4. Dioctyl adipate 


5.0 


15.0 


15.0 


±15% 


10 


S. Epoxidized soybean oil 


7.0 


0 


0 


±25% 


11 


6. Fumed silica 


7.5 


5.0 


5.0 


+ 10% to -20% 


12 


7. Calcium carbonate 


15.0 


30.0 


15.0 


±50% 


13 


8. Color pigment 


0.5 


0.35 


0 


±3% 


14 


9. Reodorant 


0 


0.20 


0.20 


±50% 


15 


. 10. Peroxide A 


4.6 


4.0 


0 


±15% 


16 


11. Peroxide B 


0 


0 


10.6 


±5% 


17 


12. Peroxide C 


0 


0 


6.0 


±5% 



18 The high viscosity uncured silicone rubber used is a 

19 high viscosity (10,000 ctsk) vinyl-terminated polydimethyl 

20 siloxane available from Dow Chemical as Silicone 4-4758. 

21 Silicone 4-4758 contains amorphous silica. The low viscos- 

22 ity uncured silicone rubber used is a low viscosity (1,000 

23 ctsk) vinyl-terminated polydimethyl siloxane available from 

24 Dow Chemical as Silicone 4-2901. The modified EVA powder 

25 used . (Elvaloy 742) is ethylene vinyl acetate modified by 

26 the addition of carbonyl groups to make a solid plasticiz- 

27 er. It is available as a fine particle size powder (it hais 

28 a 30 mesh maximum) from DuPont and acts as a thixotropic 

29 agent. It has a molecular weight greater than 250,000, a 

30 crystalline melting temperature of 45®C, a glass transition 

31 temperature of -32'*C, a Shore A durometer hardness of 55, 

32 and the powder has a bulk density of 22.4 Ib/ft^. It also 

33 acts as an extender, reducing the cost. Dioctyl adipate, a 

34 monomeric plasticizer which partially solvates and swells 

35 the modified EVA powder, is a liquid and is available from 

36 C.P.Hall, Stow, Ohio. The epoxidized soybean oil used is a 
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1 low volatility polymeric liquid plasticizer and stabilizer 

2 liquid and is available as Paraplex G-62 from C*P. Hall, 

3 Stow, Ohio. Fumed silica acts as a thixotropic agent and 

4 is available from Cabot Corp,, Cab-O-Sil Div., Tuscola, IL 

5 as Cab-O-Sil M-5, The . calcium carbonate used (325 mesh) 

6 acts as a filler and is available from Harwick Chemical as 

7 A-1 Whiting. The color pigment used is ultra marine blue 

8 sodiixm aluminum sulf o silicate complex available from Akro 

9 Chemical. Other pigments can be used. The reodorant used 

10 (Stan Mask 25243) provides a pleasant smell or odor and is 

11 available from Harwick Chemical. 

12 The peroxides are crossl inking or setting agents and 

13 permanently set the silicone rubber by crosslinking. 

14 Peroxide A is Dow Chemical product STI-T, being bis (2,4- 

15 dichlorobenzoyl) peroxide, 50% concentration in silicone 

16 oil, available oxygen about 2.1%, recommended crosslinking 

17 temperature 230 - 270 <>F. It is a diacyl peroxide. Perox- 

18 ide B is Varox 231 XL, available from Atochem, Buffalo, NY, 

19 being 1 , 1-di ( t-butylperoxy) 3 , 3 , 5-tr imethylcyclohexane 

20 peroxide, 40% concentration on inert filler, 4.23% active 

21 oxygen, recommended crosslinking temperature 280 - 360"F. 

22 It is a peroxyketal. Peroxide C is Luperco 101 XL, avail- 

23 able from Atochem, Buffalo, NY, being 2,5-dimethyl-2, 5- 

24 di (t-butylperoxy) hexane, 45% solid on an inert filler, 

25 4.96% active oxygen, recommended crosslinking temperature 

26 320 - 400*»F. It is a dialkyl peroxide. Alternatively, 

27 Luperco AST from Atochem can be used.' It is a diacyl 

28 peroxide, 50% paste with silicone oil, 3.3% active oxygen, 

29 recommended cure range 200 - 280''F. It operates quickly, 

30 since it activates at a lover temperature, and can cause 

31 some foaming, which is desirable if a more cushiony product 

32 is desired. Alternatively, other organic peroxides known 

33 in the art can be used, care being taken to select the 

34 peroxide to match the uncured silicone rubber and activate 

35 within the preselected or desired crosslinking or heating 

36 temperature. Peroxides can be selected to achieve a 
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1 presel cted minimum setting temperature. Preferably, there 

2 are generally about 4-10 parts by weight of peroxide 

3 agents such as above per 66.67 parts silicone rubber. 

4 . Enough crosslinking agent should be added to reduce the 

5 curing or setting time to the preferred setting time of 

6 between preferably 3-30 minutes, but without detrimental 

7 effect on the composition such as excessive temperature or 

8 excessive foaming. Sufficient amounts of the various 

9 ingredients should preferably be added so that the final 

10 product meets the preferred characteristics described 

11 herein. Alternatively, it is believed one may use platinum 

12 crosslinking agents known in the art. 

13 Other heat-curable silicone rubbers (including high 

14 and low-viscosity) known in the art, principally dimethyl 

15 siloxane polymers with reactive groups such as -CH^CHj, -OH, 

16 and -OR, can be used, care being taken to match the sili- 

17 cone rubber with the crosslinking agent and achieve the 

18 proper viscosity. Vinyl-terminated polydimethyl siloxane 

19 is preferred. The discussion of silicone rubbers in Modern 

20 Plastics Encvclopedia 90 , Mid-October 1989, Vol. 66, No. 11 

21 (1989) pp. 155-6 is incorporated herein by reference. 

22 Formulation A shows a combination of high and low viscosity 

23 silicone rubbers; other combinations can be used. Less 

24 preferably, the silicone rubber can be all high viscosity. 

25 Room-temperature vulcanizing silicone rubbers, generally 

26 silanol-terminated, are not preferred. They can cure by 

27 reacting with atmospheric moisture, thus requiring that the 

28 envelope be non-airtight. 

29 For the modified EVA powder, it is believed that other 

30 EVAS in fine powder form may be substituted, including EVA 

31 (preferably 18-30% yinyi acetate) , and it is believed that 

32 other ethylene copolymers and/or terpolymers or mixtures 

33 thereof in fine powder form may also be substituted, 

34 including ethylene methyl aery late, ethylene ethyl 

35 acrylate, and ethylene vinyl acetate acid terpolymer such 

36 as ELVAX 4310 from DuPont. Preferably the ethylene 
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1 copolyxn r or terpolymer or mixture thereof is about 20 - 

2 35% by weight of the uncured silicone rubber, ethylene 

3 copolymer or terpolymer or mixture thereof, and liquid 

4 plasticizer present. The addition of the Elvaloy 742 with 

5 liquid plasticizer (which swells and partially solvates the 

6 Elvaloy) to the gel material results in unexpectedly higher 

7 viscosity and makes it unexpectedly more thixotropic, which 

8 are advantages. Sufficient fine powder EVA or ethylene 

9 copolymer or terpolymer or mixture should be added with 

10 sufficient liquid plasticizer to provide an effective or 

11 sufficiently high viscosity so that the gel material will 

12 preferably not creep at room temperature and will hold and 

13 provide an effective impression for the intended purpose 

14 without detrimentally affecting the other desired 

15 performance characteristics. The phrase ethylene copolymer 

16 or terpolymer includes modified EVA and Elvaloy 742, 

17 For the calcium carbonate other fillers can be substi- 

18 tuted, including talc, calcined clay, silica, and aluminum 

19 and magnesium silicates. Filler, pigment, and reodorant 

20 are not believed to be necessary for the composition, but 

21 are generally preferred. 

22 For the dioctyl adipate, it is believed that one can 

23 substitute higher molecular weight liquid adipates, and 

24 dioctyl phthalate and higher molecular weight liquid 

25 phthalates, all being liquid solvating plasticizers. 

26 Other additives known in the art can be used or 

27 substituted in the above compositions. 

28 Generally, the formulations can be prepared preferably 

29 by adding the silicone first, the rest in any order, with 

30 the crosslinking agent last. Preferably as little air, 

31 water, and water vapor as possible is entrained or mixed 

32 in. The percentages of the ingredients may be varied to 

33 achieve desired results, preferably within the Preferred 

34 Range indicated. The amount of plasticizer can be varied 

35 to vary the firmness or softness of the set product, 

36 Preferably, the cured or set gel material of the present 
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1 invention has a tensile strength of at least 100 psi, more 

2 preferably at least about 150-175 psi, and elongation at 

3 break of at least 200%, more preferably about 3 00-600% • In 

4 many applications, when it has a tensile strength of at 

5 least about 100 psi and elongation at break of at least 

6 about 200%, it is set to an effective extent. Elongation 
7^ at break measures the ability of something to stretch and 

8 is expressed as percent of the original length measured at 

9 the moment of rupture. 

10 When the gel material of the present invention is 

11 sufficiently heated, followed by cooling, it. sets, that is, 

12 what was formable before becomes firm yet resilient. The 

13 setting is not due to the evaporation of a solvent, as in 

14 U.S. Patent 4,120,064. 

15 With regard to Formulation A, the uncured or unset gel 

16 material has a density of approximately 1.02 gm/ml, an 

17 average viscosity of about 171,100 poise at about 77«F at a 

18 shear rate sweep of 0.1 to 100 rad/sec, and is believed to 

19 have an indefinite shelf-life or at least a very long 
20, shelf -life. It does not cure or set at room temperature 

21 and has a minimum setting temperature greater than 130«F. 

22 There is no significant or visibly discernible volumetric 

23 change when it sets. With a peroxide which reacts at a 

24 lower temperature, the product may foam a little bit if too 

25 much heat is applied too quickly. When Formulation A is 

26 set, it is flexible, elastic, and resilient and has a 

27 density of approximately 0.99 gm/rol. . Preferably, after 

28 setting it will have a Shore-A durometer hardness of 

29 approximately 25 - 30 hardness points; preferably it will 

30 be softer than solid cork but harder than common foam 

31 rubber innerliners and have a density approximately 

32 equivalent to that of water. Preferably the unset gel 

33 material is pumpable into an envelope and preferably has an 

34 average viscosity between about 100,000 and about 220,000 

35 poise, more preferably between about 150,000 and about 

36 190,000 poise, measured at 77**F and at a shear rate sweep 
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1 of 0.1 to 100 rad/sec. The viscosity can be adjusted to 

2 meet specific viscosity needs in. particular applications 

3 using methods known in the art. 

4 Other preferred embodiments of the gel material, 

5 Formulations D and E, are as follows, with the parts by 

6 weight as indicated. These are vinyl plastisols described 

7 in U.S. Patent Application Serial No. 08/002,281, the 

8 contents of which are incorporated herein by reference. In 

9 particular situations to achieve desired results, the 

10 amounts of the ingredients may be varied, preferably within 

.11 the ranges of parts by weight as shown or otherwise 

12 described herein. 

13 FORMULATION D 

14 1. PolyVinylChloride resin 124 - 50 parts 

15 2. DiOctyl Adipate - 76 parts 

16 3. Paraplex G-62 Epoxidized Soybean Oil - 20 parts 

17 4. Chlorinated Polyethylene - 5 parts 

18 5. Mark OTM heat stabilizer - 0.2 parts 

19 6. Antimony Oxide - 3 parts 

20 7. Scotchlite Glass Bubbles - 15 parts 

21 8. Hi-Sil ABS - 3 parts 

22 9. Ground Cork (20/40 grade) - 10 parts 

23 10. Ground Cork (10/20 grade) - 20 parts 

24 Ingredient 1, a resin, is a polymeric binder available 

25 from BP Goodrich, Avon Lake, Ohio, as Geon 124. Geon 124 

26 is a fine powder. Item 2, a monomeric plasticizer, is a 

27 liquid and is available from CP. Hali, Stow, Ohio. Item 

28 3, a low volatility polymeric plasticizer and stabilizer 

29 liquid, is available from CP. Hall, Stow, Ohio. 

30 Ingredient 4, a flex enhancer, is available as Tyrin CPE 

31 from Dow Chemical Co., Midland, Mich. Ingredient 5, an 

32 alkyltin mercajptide, is a heat stabilizer which helps 

33 prevent the PVC from thermally degrading and is available 

34 from Witco Corp., Houston, Texas. Ingredient 6 is a flame 

35 retardant available from Laurel Industries, Inc., 
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1 Cleveland, Ohio. Ingredient 7, a filler and desiccant, is 

2 a fine particle size soda lime borosilicate glass 

3 (amorphous silicate) available from 3M Co., St. Paul, Minn. 

4 Ingredient 8, a hydrated amorphous silica powder, is a 

5 filler and desiccant and thixotropic agent available from 

6 PPG Industries, Inc., Pittsburgh, Penn. Ingredients 9 and 

7 10 are fillers giving the gel its light-weight and sponge 

8 effect and are available from the Maryland Cork Company, 

9 Elkton, Maryland*. The gel material composition is prepared 

10 by blending ingredients 1-4, then blending in ingredients' 

11 5 and 6, then blending in ingredients 7 and 8, then 

12 blending in ingredients 9 and 10, preferably using a Nauta 

13 mixer. The cork is blended in until it is fully coated, 

14 preferably about 5 to 10 minutes in the mixer. As little 

15 air as possible should be entrained; if possible a vacuum 

16 should be pulled during this blending. Water and water 

17 vapor should be kept out of the composition as much as 

18 possible. 

19 The uncured or unset gel material composition 

20 described above has a density of approximately 0.55 gm/ml 

21 and is believed to have an indefinite shelf -life or at 

22 least a very long shelf-life. When the gel material is 

23 exposed to sufficient microwave energy (an effective amount 

24 of microwave energy) followed by cooling, it sets, that is, 

25 what was formable before becomes firm yet resilient. There 

26 is no noticeable or significant volumetric change when it 

27 is set via microwaving and both before and, after setting it 

28 is about 70% cork by volume. When set, it is flexible and 

29 resilient and has a density of approximately 0.49 gm/ml and 

30 when given a flame test, self -extinguishes within five 

31 seconds. When set, it has very low tensile strength 

32 compared with, for. example, the bottom sole or the top 

33 sole. Preferably, after setting it will. have a Shore-A 

34 dur meter hardness of approximately 25 ± 5 hardness points; 

35 preferably it will be softer than solid cork but harder 

36 than common foam rubber inner liners and have a density less 
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1 than 70% that of water, more preferably less than or equal 

2 to about 50% that of water. (Light weight is advantageous 

3 in footwear.) 'During setting the plastisol wets out the 

4 cork well but does not appear to be absorbed. There is, 

5 almost twice as much plasticizer as PVC resin in this 

6 preferred composition. Such a large amount of plasticizer 

7 is preferable since there is such a significant amount of 

8 filler from a volumetric standpoint. The amount of 

9 plasticizer can be varied to vary the firmness or softness 

10 of the set product. The amounts of the plasticizer and 

11 other ingredients can be varied to achieve desired results. 

12 Preferably, by weight, 45-55 parts PVC, 60 - 90 parts 

13 dioctyl adipate, 15 - 25 parts epoxidized soybean meal, 6 - 

14 12 parts 20/40 cork, and 12 — 24 parts 10/20 cork are used. 

15 The plastisol binds the cork. Other plasticizers, 

16 stabilizers such as heat stabilizers, microwave energy 

17 absorbers, flex enhancers, flame retardants, fillers, 

18 desiccants, and other additives known in the art can be 

19 used or substituted in the above composition. Small 

20 styrene. beads can be substituted for the cork as a filler. 

21 It is belieyed that other polymeric binders or resins can 

22 be added to or partially substituted for the PVC. 

23 Formulation D can be referred to as a plastisol gel, 

24 because it is a plastisol with additional ingredients which 

25 have made it a gel. A plastisol is a resin, such as PVC 

26 homopolymer or copolymer resin, mixed with plasticizer. 
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1 FORMULATION E PREFERRED RAMGE 
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6. 


Antimony Oxide - 3 parts 




2 - 


4 


9 


7. 


Cab-O-Sil M-5 fumed silica - 
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10 
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Carbon Black - 3 parts 
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11 The ingredients of Formulation E are as previously 

12 described, except as follows. Ingredient 1, which has an 

13 Inherent viscosity of 1.29, is Geon 121-10, available froxn 

14 BF Goodrich. Ingredient 7, a thixotropic agent which also 

15 acts as a filler and desiccant, is available from Cabot 

16 Corp., Cab-O-Sil Div., Tuscola, IL and makes the 

17 formulation stiffer so a more distinct impression can be 

18 made. Preferably 10 - 20 parts, and more preferably 15 

19 parts, of Hi-Sil ABS can be substituted for the Cab-O-Sil. 

20 It has been found that the presence of an effective amount 

21 of Cab-O-Sil or Hi-Sil ABS or carbon black or a combination 

22 thereof in the formulation causes the formulation to heat 

23 up much faster (at least about 25% faster when going to an 

24 internal temperature of about 350«F) upon exposure to 

25 microwave energy; ingredients which have this capacity are 

26 referred to in the specification and claims as effective 

27 microwave energy absorbers. Preferably, they will cause it 

28 to heat up in half the time. Experience indicates that, in 

29 the microwave procedure, a plastisol gel such as 

30 Formulation E must be heated up to at least about SOO^'F, 

31 preferably at least about BSO^'F, before the PVC particles 

32 absorb the plasticizers and fuse to form a continuous mass 

33 or matrix which sets upon cooling. An effective amount of 

34 Cab-O-Sil or Hi-Si 1 ABS to cause rapid microwave setting. 
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1 such as shown in the following test, is at least about 7% 

2 by weight; an effective amount of carbon black for the same 

3 purpose is at least about 2% by weight* When used in 

4 combination, such as in Formulation E, proportionately less 

5 is needed. It is believed that a metal/organic soap such 

6 as Ircogel 901 from Lubrizol Corp. can be substituted for 

7 the Cab-O-Sil. Other thixotropic agents, particularly fine 

8 or ultra fine silicas, which are effective microwave energy 

9 absorbers, may be identified using routine testing 

10 procedures. Such absorbers could be substituted for the 

11 Cab-O-Sil. 

12 Ingredient 8 is available as Product N-762 from 

13 Degussa Corp., Dublin, OH. As known in the art, other 

14 plasticizers, stabilizers, microwave energy absorbers, flex 

15 enhancers, flame retardants, fillers (including rubber, 

16 cork, ground flexible foam, and Scotchlite glass bubbles) , 

17 desiccants, thixotropic agents, waxes to reduce stickiness, 

18 and other additives known in the art can be used or added 

19 or substituted in the above formulation. As known in the 

20 art, other PVC copolymers can be used as part or all of the 

21 resin, such as PVC copolymers with vinyl acetate, acrylic, 

22 etc. The gel material of Formulation E, both set and 

23 unset, has a specific gravity of about 1.8. Formulation E 

24 is a plastisol gel. 

25 Also, a urethane based gel can be used which utilizes 

26 a "single package" (one component) urethane resin with good 

27 package stability. The urethane component can be purchased 

28 as a nearly completed compound which can be thermally cured 

29 via heating in a microwave or conventional convection oven 

30 to a Shore-A hardness of 20-80. This urethane component is 

31 available from ARNCO, Southgate, CA under the brand name 

32 Catapol, Product No. SR70. The systems described above, 

33 with the fillers and/of thixotropic agents and/or other 

34 additives described herein or in U.S. Patent Application 

35 Serial No. 08/002,281, are setable upon heating. The 

36 urethane and silicone gel systems cure or set or vulcanize 
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1 in a crosslinking reaction and can be referred to as single 

2 package crosslinking polymer systems. Silicone gels are ' 

3 preferred in the practice of the present invention since, 

4 if the customer heats it too much or the microwave gener- 

5 ates an excessively hot spot, it simply melts; it does not 

6 degrade to or foinn a gas, such as a possibly harmful gas. 

7 Formulations A, B, and C, uncured, can be referred to 

8 as silicone gel. They use plasticizer to solvate and swell 

9 a modified EVA resin. They are white in their unpigmented 

10 state, relatively difficult to compress, with a consistency 

11 and texture approximating cookie dough or Play Dough. They 

12 are mbldable and accept and maintain or hold impressions. 

13 They are sufficiently stiff or viscous so that the person 

14 gets a suitable idea of how it will feel after the gel 

15 material is set. They exhibit no discernible creep at room 

16 temperature (sometimes called cold flow) , which is 

17 preferable. The set' gel is flexible, resilient, and a soft 

18 rubber-like material. 

19 The tensile strength and ^elongation at break of Formu- 
20' lations A, B, and C were measured per ASTM D412 after 

21 preselected periods of curing at a preselected temperature 

22 in a forced air oven at ambient pressure. Specimens were 

23 pressed out at 0.089 - 0.110 in. thick and cut into strips 

24 0.5 in. wide x 4 in. long. Time is in minutes, TS is 

25 tensile strength in psi, and Elongation is percent 

26 elongation at break. The results are as follows: 
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1 TABLE 1 - Temperature at 225"F TABLE 2 - Temperature at 250**F 
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TABLE 3 - Temperature at 275'F 
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1 TABLE S - Temperature at 32S*F 
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. TABLE 6 - Temperature at 3S0*F 
Fonnulation t\m IS HPHRation 



A 


1.5 


97 


500 


A 


2.0 


114 


550 


A 


2 5 


118 


560 


A 
i\ 








A 
t\ 




ni 
I ji 




A 
i\ 


•r.v 


\A\ 




A 
t\ 


fi 0 


IHO 


sin 


A 


o.u 






A 


in n 




AQVi 


15 






Z/U 


B 


3.0 


68 


290 


B 


3.5 


82 


300 


B 


4.0 


102 


310 


B 


6.0 


95 


280 


B 


8.0 


90 


270 


B 


lO.O 


96 


275 


C 


3.0 


56 


240 


C 


3.5 


105 


300 


C 


4.0 


123 


310 


C 


6.0 


125 


280 


C 


8.0 


123 


300 


C 


10.0 


126 


320 



25 



wo 94/09666 



PCr/US93/10741 



-23- 

1 In a preferred embodiment, the envelope is heat sealed 

2 most of the way around with a protruding tab and injection 

3 port at an end or side, such as the heel end of an insole. 

4 The gel material is injected into the port. Preferably, 

5 the air is forced out by rolling the article or a vacuum is 

6 created inside of the envelope to eliminate air. Then the 
7. injection port is heat sealed and the protruding tab is cut 

8 off. Alternatively, the gel material can be rolled into 

9 sheets about 1/8 to 1/4 inch thick, die cut, and heat 

10 sealed into a flexible envelope. 

11 With regard to FIGS. 1-3, glue is applied around the 

12 perimeter between the top and bottom soles to hold the 

13 soles together and contain the gel layer therebetween. The 

14 gel layer and top sole are thus integral parts of the com- 

15 pleted sandal. 

16 A removable insole or other custom-fitting article may 

17 be manufactured or provided with temperature sensing and 

18 indicating means affixed or attached or joined or thermally 

19 coupled thereto for sensing and indicating a temperature of 

20 the gel material or of the member during the heating. For 

21 example, a temperature indicator strip or thermometer tape 

22 may be affixed in contact with the gel material but beneath 

23 the flexible envelope 64 and visible therethrough. Such a 

24 strip is available from Markal Company, Chicago, Illinois 

25 and has a range of temperatures and indicates the highest 

26 temperature reached. A preselected preferred heating 

27 temperature can be determined through routine procedures. 

28 Then, when the person heats the member, they can look at 

29 the indicator strip to see if the proper temperature was 

30 achieved for curing or setting the gel material. This 

31 would, for example, allow the heating to take place at a 

32 location, such as the customer's home, where the conditions 

33 of the heating process, such as microwaving, are less 

34 controlled. For example, there are many different energy 

35 levels in home microwaves. This would permit mail order 

36 sales of such things as removable insoles, etc. directly to 
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1 consxmers. The strip can also be used at different loca- 

2 tions on the member, including on the outer surface of the 

3 envelope, or on the box within which the member is being 

4 heated, for the same purpose. Such a strip could also be 

5 used in conjunction with sandals or other footwear, at 

6 different locations thereon, for the same purpose, such as 

7 by placing or attaching a strip to the top sole. Other 

8 temperature sensing and indicating devices or systems known 

9 in the art can also be used, such as a "turkey popper" 

10 device inserted into the center of the gel (conventional 

11 oven only) , which would pop out when the gel had been 

12 heated sufficiently. A heat sensitive paint or ink or 

13 coating that changes color at different temperatures can 

14 also be used. "Affixed", as used in the claims, is meant 

15 to cover all such modes of attaching, joining, or thermally 

16 coupling. 

17 The following examples help to illustrate the present 

18 invention. 

19 EXAMPLE 1 

20 A size 10 sandal comparable to that illustrated in 

21 FIG. 1 was produced. The bottom sole weighed approximately 

22 180 g and was 11 in. long and about 4 1/4 in. wide at the 

23 toe section and 3 1/4 in. wide at the heel section. The 

24 top sole was comparably sized and weighed approximately 50 

25 ' g. The bottom sole was a blend of SBR and NR rubber and 

26 contained normal vulcanizing, processing and extender addi- 

27 tives. The top sole was a lightweight foamed EPDM rubber 

28 available f rom Spenco Corp., Waco, TX. The envelope for 

29 the gel was the polyether polyurethane film described 

30 above, available from Deerfield Urethane, Inc. It weighed 

31 approx. 10 g without gel and was 10 in. long by 2.5 in. in 

32 the heel section and 3.25 in. in the toe section. The top 

33 sole was bonded to the bottom sole with a few spots of 

34 adhesive around the perimeter with the gel layer therebe- 

35 tween. The uncured gel material, which weighed approxi- 
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1 .nately 70 g and was inside the envelope, was Formulation A 

2 described above. The test individual weighed about 225 

3 lbs. The ambient temperature was approximately 70^F. 

4 The person inserted his foot into the sandal and 

5 tightened the straps. No mixing of an additive, catalyst, 

6 etc. , or kneading, was necessary prior to the person making 

7 the impression. The person rocked from toe to heel and 

8 walked for 1 minute to form the impression and see how the 

9 sandal would fit prior to setting. This biased the member 

10 against the body part. The sandal was removed and 

11 inspected for molding properties. The foot imprint was 

12 found to be very good with clear definition of contours; 

13 A Sharp Carousel II, 1.6 cubic feet and 900 watts, 

14 microwave oven was used. The magnetron frequency was 2450 

15 and it had a turntable which automatically rotated the item 

16 being heated. It had a heating compartment 16 11/16 inches 

17 wide, 16 11/16 inches deep, and 9 11/16 inches high. The 

18 microwave oven was operated throughout at full power*. The 

19 sandal was placed onto the turntable and microwaved or 

20 . heated for 30 seconds followed by a 60 second cool down 

21 period. This procedure was repeated three more times. The 

22 total elapsed time from the beginning of the first 

23 microwaving to the end of the last cool down was ap- 

24 proximately 6 minutes. No fumes or objectionable smells 

25 were observed throughout the heating procedure. The 

26 envelope was not pierced and the gel material was not 

27 exposed to the ambient atmosphere during the above 

28 procedure. The envelope was allowed to cool until it was 

29 easy to handle. 

30 Upon inspection, it was observed that the gel layer 

31 retained the original impression of the foot. The gel was 

32 found to be totally set. It' was flexible, resilient, and 

33 had a Shore A hardness of 25 hardness points, tensile 

34 strength of 125 psi and elongation at break of 500%. There 

35 were no signs of thermal degradation of the gel or the 
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1 envelop • Other power levels and heating and cooling 

2 sequences can be used. 

3 . EXAMPLE 2 

4 A removable insole (for a size 9 shoe) as illustrated 

5 in. FIGS. 4 and 5 was produced. One side of the envelope^ 

6 was 0.010 inches polyether polyurethane described above and 

7 the other side was 0.010 inches polyether polyurethane with 

8 a nylon fabric (Sanded Coolmax available from Starensier, 

9 Newburyport, MA) laminated to the outer surface (to be next 

10 to the foot). The envelope weighed approximately 10.5 g 

11 without gel and was 10,75 in. long x 2.5 in. heel x 3.5 in. 

12 toe. The gel material was the same composition used in 

13 Example 1 and weighed approximately 45 g. The total weight 

14 of^ the envelope and gel was approximately 55.5 g. The test 

15 individual weighed about 225 lbs. The person loosened the 

16 laces and removed his shoe. The gel-filled insole, fabric 

17 side up, was inserted into the shoe. The person inserted 

18 his foot with sock on, tightened the laces, and walked. on 

19 the insole for approximately 5 minutes. This biased the 

20 member against the body part. The shoe was removed and the 

21 insole was removed from the shoe. Inspection of the insole 

22 indicated an exact impression of the person's bottom foot 

23 surface. There were no deformations of the molded 

24 impression due to removing the insole from the shoe. 

25 The insole was placed fabric side facing down in the 

26 ' microwave oven used in Example 1 and microwave heated full 

27 power for 30 seconds. The insole was immediately placed 

28 into a preheated mechanical convection lab oven. Model . 

29 OV.500 C-2, available from Blue M, Blue Island, IL, at 

30 300*F for 7.5 minutes. The total elapsed time from the 

31 beginning. of the microwave heating to the end of the oven. 

32 heating was about 8 minutes. As in Example 1, fumes and . 

33 smells were not observed as being produced. Also, there 

34 was no noticeable change in size and/or shape and/or 
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1 impression of the ins le due to the laicrbwaye heating or. 

2 oven heating. 

3 The air temperature inside the microwave oven was 

4 approximately 90 - 100**F when the door was opened at the 

5 end of the microwaving cycle.. At the end of the lab oven 

6 cycle, the temperature of the surface of the insole was 

7 300^F. The insole was air cooled for about 10 minutes,. 

8 which would have permitted the insole to be comfortably 

9 worn by a purchaser. The insole could also be cooled by 

10 putting it in a plastic bag and submerging in cold water 

11 for 2-5 minutes. Upon inspection, it was observed that 

12 the gel layer retained the original molded impression of 

13 the foot and the gel material was found to be totally set, 

14 flexible, and resilient with no signs of the thermal 

15 degradation. The gel material had a Shore A hardness of 27 

16 hardness points, tensile strength of 140 psi, and 

17 elongation at break of 500%. 

18 iBXAMPLE 3 

19 Example 2 was repeated with certain changes. Unlisss 

20 indicated, the materials, conditions, procedures, and 

21 results were the same. The gel material used was the same 

22 gel material as used in Example 2 • The removable insole 

23 envelope (a men's size 9) weighed about 10 g and contained 

24 about 45 g of gel material, the gel-filled insole thus 

25 weighing about 55 g. The test individual weighed about 195 

26 lbs. 

27 The insole was placed with the fabric side down in a 

28 bleached sulfate cardboard box 12.5 in. long, 4.25 in. wide 

29 and 0.5 in. high. The box and insole were placed in a 

30 microwave oven (GE. Model #1435, 1.2 cf, 800 watts) and 
31. heated at full power for 30 seconds and then they were 

32 immediately put into a preheated gravity convection conven- 

33 tional gas oven (Kenmore #9117258411) set at 275«F for 7.5 

34 minutes. When the insole was removed from the oven, its 

35 internal temperature was measured at 300^F. The insole was 
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1 air cooled for 5 minutes. The gel layer retained the 

2 original impression and the gel material was found to be 

3 totally set, flexible, and resilient with no signs of 

4 thermal degradation. The gel material had a Shore A hard- 

5 ness of 26 hardness points, tensile strength of 132 psi, 

6 and elongation at break of 510%. 

7 EXAMPLE 4 

8 Example 3 was repeated with certain changes. Unless . 

9 indicated, the materials, conditions, procedures, and 

10 results were the same. Microwaving was not used. A gel-; 

11 filled envelope insole weighing about 55 g was placed into 

12 a cardboard box as used in Example 3 after forming the 

13 impression. The box and insole fabric side down were 

14 placed in a preheated gravity convection conventional 

15 electric oven (Electric Amana Model #ARC-100, 30 in. wide) 

16 set at 275^F for 10 minutes. The insole internal tempera- 

17 ture after the baking cycle was 312 ^F. (This indicates 

18 that conventional ovens may heat 25-4d*F higher than the 

19 dial is set at.) The insole was allowed to air cool for 10 

20 minutes. The gel layer retained the original impression 

21 and the gel material was found to be totally set, flexible, 

22 and resilient with no signs of thermal degradation. The 

23 gel material had a Shore A hardness of 27 hardness points, 

24 tensile strength of 130 psi, and elongation at break of 

25 490%. 

26 EXAMPLE 5 

27 An example comparable to Example 1 was performed with 

28 certain changes. A size 10 sandal was utilized. The 

29 envelope for the gel was Vinyl- lite, a plasticized vinyl 

30 acetate, vinyl chloride copolymer material available from 

31 ChemCentral, Houston, Texas, which weighed approx. 25 g 

32 without gel. The uncured gel material, which weighed 65 g 

33 and was inside the envelope, was Formulation D, except that 

34 there were 72 parts dioctyl adipate, 20 parts 20/40 cork. 
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1 and 10 parts 10/20 cork. The ambient temperature was 69*F. 

2 A foot imprint or impression was made and found to be very 

3 good with clear definition of contours. 

4 A Litton Commercial Microwave Oven which was normally 

5 used for cooking and warming employee food was utilized. 

6 It had the following specifications : Type of microwave 

7 generator - magnetron; Frequency - 2450 MHz; Max. output 

8 power - 1050 watts; Magnetron normal operating voltage - 

9 4300 volts; Power Source - 120 volts, 60 Hz; 20 amps. It 

10 had a cooking compartment 12 7/8 inches wide, 13 3/16 

11 inches deep, and 7 1/2 inches high. The microwave oven was 

12 operated throughout at . full power and rotation had to be 

13 done manually. The sandal was placed in the oven -top side 

14 up and microwaved for 20 seconds. An approx. 30 second 

15 cool down period followed, during which the microwaving was 

16 turned off and the sandal was rotated 1/4 turn. The sandal 

17 was again microwaved for 20 seconds, followed by an approx. 

18 30 second cool down period and a 1/4 turn rotation. The 

19 sandal was again microwaved for 20 seconds, followed by an 

20 approx. 3d second cool down period and a 1/4 turn rotation. 

21 The sandal was then microwaved a final time for 15 seconds. 

22 The total elapsed time from the beginning of the first 

23 microwaving to the encl of the last microwaving was about 

24 2.75 minutes. Fumes and smells were not observed as being 

25 produced during the cooking or microwaving operation. 

26 The air temperature inside the oven was approx. 90 - 

27 lOO^F when the door was opened at the end of each . 

28 microwaving cycle. At the end of the final microwaving 

29 cycle, the temperature of the exterior surface of the top 

30 sole was measured at 130'^F., the temperature of the 

31 exterior surface of the bottom sole was measured at 148*»F.," 

32 and the temperature of the exterior surface of the Vinyl- 

33 lite envelope inside the sandal was measured at 165 - 

34 175 "F. Temperature measurements were taken with an Omega 

35 digital thermometer Model HH-263 with a J-type thermal 
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1 probe. Because the gel material is a fine insulator, the 

2 temperature measurements may be understated. 

3 The sandal was placed in a polyethylene bag and 

4 immersed into a pail of cool tap water (eS'^F) for 20 

5 seconds. When the sandal was removed, the surface 

6 temperature was 79 - 84 ■'F., and the sandal was comfortably 

7 worn by the test individual. In this example the time. from 

8 when the person finished making the impression to when the 

9 person was able to walk, away wearing the sandal on his 

10 foot, ignoring the temperature measurements, was less than 

11 about 5 minutes. The sandal was flexible and resilient. 

12 . The meinber, specifically the top sole and gel layer, 

13 remained flexible yet resiliently retained the impression 

14 of the underside of the person's foot and was utilizable by 

15 the person as a custom-fitting footbed. The sandal 

16 appeared unharmed by the microwave procedure. Upon 

17 inspection, it was observed that the gel layer retained the 

18 original molded impression of the foot« The gel was 

19 removed from the sandal and found to be totally set. It 

20 was flexible, resilient, and had a Shore-A hardness of 28 

21 hardness points. There were no signs of thermal 

22 degradation of the gel. 

23 EXAMPLE 6 

24 About 25 g of the composition of Example 5 was heated 

25 sufficiently in the microwave oven of Example 5 so that 

26 upon cooling it set. Upon reheating in the inicrowave oven 

27 and while still hot, it lost its quality of being set; that 

28 is, it was formable again. It was not as formable as it 

29 was before it was first microwaved; it returned about 1/2 

30 way to its original formable gel condition. While it was 

31 still hot, it could be. reshaped and reformed. Once it 

32 cooled, however, it set again and was resilient, although 
3i3 perhaps a little harder than originally. Thus if the 

34 customer was not satisfied with the fit of his or her 

35 custom-fitting footbed after it was first set via 
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1 microwaving / the footbed could be redone. Care would have 

2 to be taken to protect the foot from the hot gel material 

3 when a new impression is made, such as by wearing a sock or 

4 heavy sock. 

5 EXAMPLE 7 

6 A test similar to Examples 1 - 5 above was run using 

7 Formulation E. 10 g of Formulation E was placed between 

8 two 2" X 2'* squares of the envelope film of Example 1 (the 

9 film being 0.01 inches thick); the air was evacuated and 

10 the film envelope was heat sealed. The gel layer thus 

11 prepared was relatively flat without an impression and 0.10 

12 inches thick, being the two film layers and 0.08 inches 

13 thick of gel material- The gel layer using Formulation E 

14 or a variation thereof is preferably not more than 0.375 

15 inches thick, preferably not more than 0.25 inches thick, 

16 more preferably about 0.08 - 0.15 inches thick, even more 

17 preferably about 0,10 - 0.12 inches thick. The gel layer 

18 was microwaved for 4 minutes at 50% power in a Sharp Corp. 

19 "Carosel II" 900 watt microwave oven which automatically 

20 rotated the gel layer. The gel layer was exposed to an 

21 effective amount of microwave energy in this period. The 

22 internal temperature in the center of the gel layer was 

23 measured at about 420**F at the end of the period. The gel 

24 layer should not be overheated (preferably not more than 

25 about 450*>F) , or the gel material may degrade. No gas was 

26 observed as being evolved. Upon cooling at ambient 

27 temperature for about^ 5 minutes, the gel material was set, 

28 flexible, rubbery, and resilient, and had better tear 

29 strength than Formulation D. It was found that upon 

30 reheating in the microwave oven, the gel material softened 

31 and could be reformed while hot and reset - 

32 In the practice of the present invention, the heating 

33 or application of thermal energy may preferably be done all 

34 in a microwave oven (preferably 900 watts or less) , all in 

35 a convection oven, or. in a combination of the two 

36 (preferably one as quickly as possible after the other) , or 
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1 in other types of heating devices, the variety of options 

2 being an advantage. Conventional convection ovens includes 

3 gas or electric ovens. In one preferred embodiment, the 

4 gel pad or member or article is heated initially in the 

5 microwave for a short period such as 30 seconds or 5 - 10% 

6 of the total heating time, to start the cure quickly and 

7 get sharp definition yet avoid possible hot spots, followed 

8 immediately by the remaining heating in a convection oven. 

9 Many home microwave ovens vary widely in power and 

10 temperature and may generate hot spots, thus in another 

11 preferred embodiment all or most of the heating is done in 

12 a convection oven, where temperature may be more closely 

13 controlled and hot spots are not present. Many microwaves 

14 may generate hot spots in the item being heated, where 

15 microwave energy is concentrated. Thus in many cases it is 

16 preferable to place the gel pad or member or article being 

17 microwaved inside a cardboard or other type of paperboard 

18 box, which moderates and evens out the hot spots and helps 

19 distribute the microwave energy. Preferably, such a 

20 cardboard box also serves as the packaging for the gel. pad 

21 . or member or article when purchased or received by the 

22 customer. 

23 Preferably the member or gel pad is heated at a 

24 temperature less than 450'*F, more preferably less than 

25 400®F, since a more moderate temperature is less stressful 

26 to the gel pad or, if the gel pad is attached to an article 

27 such as a bicycle seat or plastic shin guard and the gel 

28 pad is being heated and cured while attached to the 

29 article, to the article, and also easier for the customer, 

30 and if the gel pad or member or article is in a cardboard 

31 box, the box is less likely to degrade. The gel material 

32 composition of the present invention has a minimum setting 

33 temperature greater than 130**?, preferably greater than 

34 175**F, more preferably greater than 200**F, so that it will 

35 not set at typical room or storage temperature, even if it 

36 is exposed to ambient atmosphere. As used in the 
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1 specification and claims, a lainimum setting temperature 

2 (greater than 130°F means that the gel material will not set 

3 to an effective extent at a temperature of 130®F or lower. 

4 Preferably the gel material is heated at a temperature of 

5 200-450**F, more preferably 225 - 400**F, more preferably 250 

6 - 375®F, more preferably 275 - 350*»F, more preferably 300 - 

7 350^F, the crosslinking agent, if any, being selected to 

8 operate within the preselected temperature range. 

9 Preferably the gel material will set to an effective extent 

10 with 30 minutes, preferably 20 minutes, more preferably 10 

11 minutes, more preferably 5 minutes, even more preferably 3 

12 minutes, or less, of heating, followed by cooling, since 

13 the quicker the setting, the faster and more convenient for 

14 the customer and the less the energy cost. Speed is of 

15 critical importance to the customer; the customer does not 

16 want to wait two to three hours. Set to an effective 

17 extent means that the gel material is set to an extent that 

18 it will operate effectively for the purpose intended. The 

19 test results show that a preferred embodiment of the gel 

20 formulation can be set in a preheated oven in 2.5 minutes. 

21 The gel material and envelope and method of the 

22 present invention can be used to produce a custom-fitting 

23 footbed, and also a custom-fitting hand grip for such 

24 things as. bicycles, sports rackets (including golf clubs 

25 and tennis, squash, and racquetball rackets), ski poles, 

26 and a water ski tow handle; a custom-fitting body pad, such 

27 as a knee pad, shoulder pad, elbow pad, pad inside a 

28 helmet, pad inside a chin strap, pad inside a shin guard, 

29 pad inside the toe portion of a ballet slipper, pad on a 

30 bicycle seat or other types of seats or saddles, nose pads 

31 and ear pads for glasses, and a hip pad for a backpack hip 

32 belt (the hip pad being attached via Velcro or held inside 

33 a pocket such as a fabric pocket) ; and a custom-fitting 

34 . orthopedic cast which, as used herein and in the claims, 

35 includes braces. The custom-fitting article is adapted to 

36 closely conform to the shape of a part of a human or mammal 
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1 body. Orthotics, such as for the foot, and pads for a 

2 portion of the foot, such as a heel cup or toe pad or pad 

3 for the ball of the foot, can be made using the disclosed 

4 invention using the techniques described with respect to 

5 the removable insole. In some cases such an orthotic may 

6 be for less than the full length of the underside of the 

7 person's foot, such as an arch support. Many orthotics for 

8 the foot are removable insoles. 

9 With regard to a custom-fitting hand grip, such as in 

10 FIGS. 6-7, the gel pad or member is put into position, 

11 such as around the tennis racket handle, and an impression 

12 is made at ambient temperature by gripping with the hand. 

13 Less preferably, the gel may be unencased in an envelope. 

14 After impression, the body part is removed from the gel pad 

15 and the gel pad, either by itself or attached to the 

16 handle, is put into the microwave and/ or convection oven 

17 and heated to set the gel material. Once set^ the gel pad" 

18 70 becomes the hand grip. The gel pad preferably has no 

19 metal so it is microwavable. If the gel pad is attached to 

20 an article and the article has metal, it may not be 

21 microwavable and may have to be heated in a convection 

22 oven. Many large articles such as bicycles, tennis 

23 rackets, etc. may not fit into an oven or be beatable, thus 

24 the gel pad is preferably disattachable, or a portion of 

25 the article which can fit into an oven, such as the tennis 

26 racket handle, is disattachable such as by being screwed 

27 into the rest of the racket or article. The invention is 

28 particularly useful for hand grips since the gel pad is 

29 conformable with the typical or normal pressure applied by 
3io a gripping hand during the activity in question, such as 

31 gripping a tennis racket or a bicycle handle. The 

32 ; invention is particularly useful for footbeds because the 

33 gel is or can be made sufficiently viscous to be properly 

34 conformable during the heavy loadings and shear forces 

35 applied when a person walks around on an uncured footbed, 

36 yet the person can accurately visualize, while walking on 
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1 . an uncured footbed^ what the cured or s t product will feel 

2 like; also, the footbed is conformable under normal body 

3 weight. The invention is particularly useful for a bicycle 

4 seat pad (see FIGS. 13-14) because the act of sitting on 

5 the bicycle seat for the proper amount of time with normal 

6 body loading applies the appropriate amount of pressure to 

7 properly conform the seat pad and the cured pad will . more 

8 evenly distribute the weight of the rider* 

9 With regard to a custom-fitting body pad, such as in. 

10 FIGS. 8-14, the gel pad or member is put into position on 

11 an article, such as into a knee pocket on a football 

12 uniform, attached to football shoulder pads, put inside a 

13 chin strap, attached inside a football helmet, attached 

14 inside a shin guard, placed in the toe portion of a ballet 

15 slipper, attached to a bicycle seat, attached as a nose pad 

16 or ear pad to glasses, etc. The pad is then brought into 

17 position with the corresponding part of the body and the 

18 pad is biased or pressed against the body part with 

19 sufficient or effective pressure to conform the pad to the 

20 shape of the body part and to form an effective impression 

21 and more evenly distribute the weight or area concerned. 

22 The gel pad or article is then heated and cured as 

23 previously described. Preferably the gel pad is 

24 disattachable so the rest of the article does not have to 

25 be heated. The invention is particularly useful for body 

26 pads because the impression can be formed while applying a 

27 controlled amount of pressure with the gel pad or article 

28 at a preselected orientation to the body part to provide a 

29 body pad having an impression tailored to the particular 

30 desire or need of the individual. 

31 With regard to a custom-fitting orthopedic cast, such 

32 as illustrated in FIGS. 15 - 16, the cast, with gel pad or 

33 member in position, is brought into position with the 

34 corresponding body part, such as ankle, foot, lower leg, 

35 knee, thigh, hand, finger, wrist, forearm, elbow, arm, etc. 

36 The cast is then preferably secured with the approximate . 
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1 amount of pressure desired when the cast will ultimately be 

.2 worn/ biasing the gel pad against the body part with 

3 sufficient pressure to conform the pad to the shape of the 

4 body part. The gel pad or cast is then heated and cured as 

5 previously described. The invention is particularly useful 

6 for orthopedic casts since there is little if any 

7 volumetric change^ during the curing process. Thus the 

8 impression can be made with the cast in its permanent 

9 secured orientation and with the approximate amount of 

10 pressure desired when the cast will ultimately be worn. 

11 Typically, the impression will automatically be made when < 

12 the cast is secured. 

13 The invention is applicable to other mammals besides 

14 humans, such as orthopedic casts for horses, dogs, and 

15 cats, body pads for horse and dog collars and saddles and 

16 other articles worn by horses and/ or dogs or other mammals. 

17 Although the preferred embodiments of this invention 

18 have been shown and described, it is understood that 

19 various modifications, replacements, and rearrangements of 
20. the components and methods may be resorted to without 

21 departing from the scope of the invention as disclosed and 

22 claimed herein. 
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WHAT IB CIAIMED IS: 



1 1. A method of producing a custom-fitting article 

2 which conforms to the shape of a body part of a mammal, the 

3 method comprising the steps of: • 

4 . providing a member comprised of a body of form- 

5 able material, the body of formable material having a 

6 minimum setting temperature greater than 130^F and being 

7 setable by heating for a period not exceeding thirty 

8 minutes and subsequent cooling, 

9 conforming the member by biasing the meiaber 

10 against the body part with sufficient pressure to conform 

11 the member to the shape of the body part^ and 

12 . thereafter heating the member for a period not 

13 exceeding thirty minutes and thereafter cooling the member 

14 so that the formable material is set and the member remains 

15 flexible while resiliently retaining an impression of the 

16 body part and is utllizable by the mammal as part or all of 

17 the custom-fitting article* 

1 2. A method according to Claim 1 wherein the custom- 

2 ' fitting article is selected from the group consisting of a 

3 custom-fitting footbed which conforms to the shape of the 

4 . underside of a foot of a person, a custom-fitting hand 

5 grip, a custom- fitting body pad, and a custom-fitting 

6 orthopedic cast. 

1 3. A method according to Claim 1, wherein the member 

2 is a removable insole. 



1 
2 



4. A method according to Claim 1, wherein the member 
is an integral part of footwear. 
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1 5* A method according to Claim 1, wherein said 

2 heating of the member occurs partially in a microwave oven 

3 and partially in a convection oven. 

1 6. A method according to Claim 1, wherein said 

2 heating of the member occurs exclusively in a convection 

3 oven. 

1 7, A method according to Claim 6, said heating 

2 occurring between 200 and 450«»F for a period not exceeding 

3 20 minutes. 

1 8. A method according to Claim 1, wherein the 

2 formable material has an average viscosity between about 

3 100,000 and about 220,000 poise at 77**? at a shear rate 

4 sweep of 0.1 to ioo rad/sec. 

1 9. A method according to Claim 1, wherein the 

2 formable material is a silicone gel comprising uncured 

3 silicone rubber, an effective amount of crosslinking agent, 

4 and effective amounts of a) fine powder ethylene copolymer 

5 or terpolymer or a mixture thereof and b) liquid 

6 plasticizer to form a gel effective to receive and retain 

7 an impression. 

1 10. A method according to Claim 1, further comprising 

2 the step of utilizing temperature sensing and indicating 

3 means for sensing and indicating a temperature of the body 

4 of formable material or of the member during said heating 

5 step. 

1 11. A member for producing a custom-fitting article 

2 which conforms to the shape of a body part of a mammal 

3 c mprising a body of formable material which has a minimum 

4 setting temperature greater than 130 ''F and which is setable 

5 by heating for a period not exceeding thirty minutes and 



wo 94/09666 PCrAJS93/10741 

-39- 

*♦ ■ . 

6 subsequent cooling, the member being adapted such that when 

7 the member is biased against the body part of the mammal 

8 with sufficient pressure, the member will conform to the 

9 shape of the body part and the body of formable material is 

10 capable of thereafter being set by heating for a period not 

11 exceeding thirty minutes followed by cooling so that the 

12 member remains flexible while resiliently retaining an 

13 impression of the body part and is capable of being 

14 utilized by the mammal as part or all of the custom-fitting 

15 article. 

1 12, A member according to Claim 11, wherein 

2 the custom- fitting article is selected from the group 

3 consisting of a custom- fitting footbed which conforms to 

4 the shape of the underside of a foot of a person, a custom- 

5 fitting hand grip, a custom-fitting body pad, and a custom- 

6 . fitting orthopedic cast. 

1 13. A member according to Claim 11, wherein the body 

2 of f ormable material is inside a flexible envelope and the 

3 member is a removable insole. 

1 14. A member according to Claim 11, wherein the 

2 member is an integral part of footwear. 

1 15. A member according to Claim 11, wherein the 

2 f ormable material has an average viscosity between aibout 

3 100,000 and about 220,000 poise at 77^F at a shear rate 

4 sweep of 0.1 to 100 rad/sec. 

1 16. A member according to Claim 11, wherein the 

2 f ormable material is a silicone gel comprising uncured 

3 silicone rubber, an effective amount of crosslinking agent, 

4 and effective amounts of a) fine powder ethylene copolymer 

5 or terpolymer or a mixture thereof and b) liquid 
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6 plasticizer to form a gel effective to receive and retain 

7 an impression. 

1 17. A member accprding to Claim 11, the member having 

2 affixed thereto temperature sensing and indicating means. 

1 18. A composition comprising lincured silicone rubber, 

2 * an effective amount of crosslinking agent, and effective 

3 amounts of a) fine -powder ethylene copolymer or terpolymer 

4 or a mixture thereof and b) liquid plasticizer to form a 

5 gel effective to receive and retain an impression, the 

6 composition having a minimum setting temperature greater 

7 than 130**F and being formable and setable to form a flexi- 

8 ble and resilient body. 

1 19. A composition according to Claim 18, wherein the 

.2 ethylene copolymer and terpolymer are selected from the 

3 group consisting of (ethylene vinyl acetate, modified 

4 ethylene vinyl acetate, ethylene methyl aery late, ethylene 

5 ethyl aery late, and ethylene vinyl acetate acid terpolymer. 

1 20. A composition according to Claim 19, wherein the 

2 ethylene copolymer or terpolymer or mixture thereof is 

3 about 20 to 35 percent by weight of the uncured silicone. 

4 rubber, ethylene copolymer or terpolymer or mixture 

5 thereof, and liquid plasticizer present* 

1 21. A composition according to Claim 18, said 

2 effective amount of crosslinking agent being effective to 

3 achieve effective setting of the composition within twenty 

4 minutes at a temperature between 225 and 400®F. 

1 22. A method according to Claim 1, wherein the 

2 formable material comprises a plastisol gel, the plastisol 

3 gel comprising polyvinylchloride resin and a liquid 

4 plasticizer. 
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1 23. A composition setable upon exposure to microwave 

2 energy and cooling comprising polyvinylchloride resin and i 

3 liquid plasticizer, the composition being formable and 

4 being setable to form a flexible and resilient body upon 

5 exposure to an effective amount of microwave energy 

6 . followed by cooling. 
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